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SHORT   METHOD 
CALCULATOR 


T.  A.  NICHOLSON 

AUTHOR 


1134  DuFFERiN  Street 
TORONTO.  CANADA 


PREFACE. 


The  object  of  this  book  is  lo  it'ach  all  of  the  practical 
short  rules  in  arithmetic  not  laii^Mit  in  institutions  of 
learninij,  nor  f«)Und  in  school  manuals.  The  author  has 
l.iken  s^reat  pains  to  mak<'  the  rules  simple,  clear,  brief 
aiui  complete.  A  person  with  an  ordinary  school  educa- 
tion can  readily  understand  the  rules  and  apply  them. 
The  special  calculations  will  surely  Ix-  of  immense  value 
to  men  in  any  trade,  profession  or  occupation;  and  even 
fhoroui4:h  mathematicians  will  find  \<Ty  manv  new  rules 
and  methods,  which  can  be  relied  upon,  having  been  com- 
puted, proven  and  pr(K)f-read  with  rigid  exactness,  and 
have  never  been  published  before,  especially  the  rules 
pi^rtaininj,  to  the  triangle  and  circle. 


r.    A.    NICHOLSON", 

.\uthor. 


SeptemlxT  23,   1914. 
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DECIMAL    EQUIVALENTS. 


1/64 

r,  i<) 

3 '3^ 
i/H 
3  '^' 
'/4 
5  I' 

3/« 
7/.r, 

I  2 
g/iT) 

.S« 

I I  16 

3/4 
13  '^1 
78 
15/16 
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•oi5')J5 

•03' 25 

. 046875 
.o<>J5 
.0781 J5 

•«)375 

•  '-5 

•'«75 

•25 

•3' -5 

•375 

•4373 

•5 

•5^'25 

.625 

..,875 

•75 
.8125 

•875 
•9375 
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DISCOUNT   SUBTRACTION. 


If  a  bill  ul  iiooils  amouMtvi  u>  $750.00,  and  a  <li.scuur.t 
•>'  7  .,  IS  allowed,  what  is  the  net  amount:- 


Ordinary  Mctliod 
S  736,00 
.07 

$5^.9200 


Short  Kuk'. 
$75' "-ck; 
.07 

$703.08 


$  756.00 
52.92 

S  703. oH 


KXPLANAriOX.-Multiply  756  In   7  and  wrilo  lor 
IK'  ansuer  hgures  wnich,  wht-n  .-.dded  to  th<'  product  thus 
«>bi.-.mt'd.  will  be  equal  t..  7<.2.oo;  viz.  :  7  x  6  -  42,  as  8 
IS   ntcvss.-.rv   lo  make  50  (next   hi^rher  order  of  tens)   as 
vve  h.iM-  o  on   the    ri^ht,    so    write    down    the  8  in   th*- 
ansuer  and  cMrry  5,  next  say  7  x  5  =   35  and  ,-,dd  the  5, 
makmtj'  40.     As  unit  figure  is  o,  same  as  .above,  '.rite'o 
"1    the    answer    and  ('arry  4.   7  x  7  -  49  .ind  .add  the  4. 
makmy  ^^.     Place  the  3  in  the  answer,  the  5  equals  the 
5  above,  so  write  o  in  the  answer  and  bringdown  the  - 
completing  the  answer.  ' 


To  multiply  any  number  by  25,  divide  bv  4  and  vour 
■inswer  will  be  in  hundredths. 


As,  25    X 


4)25    -   625, 


etc. 


^H 


(t 
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(iOODS    BOUGHT    BY    THK    DOZKN. 

As  numy  .iiliiK-.s  ;irf  snltl  by  iIk'  >lt)/fii  ;il   w  IioI.smIi-, 
it  is  a  itiallvr  <>t  ^iit-.n  iniportatu*'  to  llw  nwrrhanl   l«>  Iw 
ihU'   to  tIfcicU'  Ihf  n-tiiil  si-llin^;  prirt-  ol   oih-  arli.  Ic  ai    a 
r»'rtaiii  prolit  as  (|uickly  as  possihU-. 


r<)  make 

_H)        IMT 

cent 

divided  COM 

|KM 

iloz 

by 

10 

100 
40 

1 1 

K 

10 

.'ind 

adil  ill  itsflf 

35 

•  • 

10 

«t 

,,     J       .. 

37'-' 
30 

•• 

10 
10 

•■ 

..     1 

■«5 

*  * 

10 

'• 

,,     ,^      ,. 

12 '.. 

*  1 

10 

and  bulnr.tct  ,',  itself 

10 
10 

'  ' 

i'<    " 

KXAMFLK. — To  make  iopi'r  rt-nt.  on  oiu-  <l()/»ti 
hats  whi(  h  cost  S37.50  per  (iozt-ii,  simply  mo\c  tlu- 
cU'cimal  point  one  plaie  to  the  left,  which  is  tiie  same  as 
dividing  l)y  10,  and  we  have  S3. 75  ;  the  pric«'  <'ach  hat 
must  be  sold  lor. 


Si(<»Hr     Mkimoii     (M.I  I  \i(.u 
MUHTNINU    ADDITION. 


I.i"lili)inj;  addition  i  jm  «-;isi|y  Ik-  ;i(<niiit«l  il  ilu-  puuil 
^\ill  (U'voU-    ;i    short     tiint-  «miIi  diiy   lor  ;i   l*\\    v\(<-kN,   ;, 
|.r,iili«f   is   iM't«-ss;iry     l«>    Ik.  or.w     r.ipiil   in   ^rimpin^    llir 
liniir«'s  to  Ih.'  ;i(1<|«(|. 

I'or  ills,  iwv,  yciii  imist  not  Umk  ti|M>n  -■,  t,  7  ;is 
-  •  .S  ■  7  '4-  Voii  iniisl  sff  :it  om  »•  llial  il  is  j,  nid 
NiiuiiiIxT  Ih.'ii  ynii  li;i\r  dropp-cl  tlu-  i<>.  il  \i)iir  ii.M 
lijiiiifs    IK'  7,  (),  4  ilu-y  will  r«';(d  o  and  d--     ,  liu-  jo,  ••!<■. 

\  .^ihkI  |)la,i  is  to  mark  a  lot  ol  (a  '  'acli  one  dil- 
'«T<  1)1,  sluini*'  llu'in  and  |)i(k  oiw  out  ai  liow  (|nirkl\ 

>iMi  I  an  add   llu    Hmin-s.       \    litiit-   pr;iiiiic   uilj   smpris 
vou.      A    i;ood    idfa   at    liisi    is   to  mark    voin    1  ards   sonu- 
tiiin^  likf  this  : 


444444444 
'  -  .?  4  5  '•  7  ^  <» 
'  -  .\  '   -  .?  '   -  .\ 


3 

3 
> 

5 

5 

5 

t 

1 

S 
J 

5 
J 

1 

J 

3 

♦ 

5 

() 

7 

s 

9 

THE    COMPLEMFNT    RULE. 

Vhv  compk-nK'nt  «  ny  numlxT  i.s  the  dilUMfHi*'  l)f- 
lufi'ii  tliat  nuinIxT  ano  ..i«»  imit  of  tlu-  ik-m  hi^luT  ordir. 
r/c,  iIk'  i'()ni|)k'nifnt  of  t)2  is  H;  of  c)6  is  4;  ol  ((H^  is  17, 
«•!(.,  ttc.      Multiply  0-   ^  <»''• 

Old   Mfthod.  Short    Kulf. 

q(y  96"* 


H.'H 


HS;<j    Ans. 


SH^j   Ans. 

I'irst  multiply  the  tomploments,  H  ;md  4,  pla(  <•  liu' 
produtt,  3J,  in  llie  answer.  Now  subtract  across  oiti't!- 
4  from  92    -    H'  ,  or  8  from  96    -    88. 
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Short     Mkthod     Cai.cti.ator 
TO    PROVE    SUBTRACTION. 


7543 
5674 

1869 


'9 
22 

^4 


10 


I 
4 


As  the  minuend  is  less  than  the  subtrahend,  we  must 
add  9  to  the  minuend  before  we  can  subtract.  We  have 
6  for  a  unitate,  both  in  the  sum  and  the  answer,  provinjj 
the  work  correct. 

RULK  : — Add  7  +  5  +  4  +  3  =  19 ;  add  i  +  9  =  10; 
1+0=1;  add  5  +  (1  +  7  +  4  =  22  ;  add  2+2  =  4. 
As  I  is  less  than  4,  add  1  +  g  =  10,  subtract  10  —  4  =  n 
(unitate). 


BUYING    GOODS    BY   THE    GROSS. 


S35.00  per  s:''oss  =  35  X  7  =  24.5c.  each  or  24'2C.  eacli. 
.'\s  144  is  contained  in  1,000  seven  times  (very  nearlv) 
multiply  the  gross  price  in  dollars  by  7.  This  gives  us 
the  price  each  article  will  cost  ;  near  enough  for  any 
business. 


MULTIPLICATION    OF   TEENS. 


14 


18 
19 


238 


34^ 


13 
208 


15 
15 


12 
12 

144 


EXPLANATION.— Multiply  units  by  units,  and 
carry.  Next  add  units  and  units,  and  increase  left-hand 
figure  by  one. 


vir  ' 
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PROOF    OF    DIVISION. 

EXAMPLE : 

(7)  (5)  (9) 

'^4  )  3493";  (  -'Hi 7 
Rem.     59 

(5) 

EXPLANATIOX.— The  product  of  the  divisor  and 
quotient  plus  the  remainder  is  equal  to  the  dividend.  After 
castmg  out  the  nines,   we   have  the  following  unitates : 

Dividend  unitate (c) 

■  (  Divisor  "  .  '    "- 

Multiply  ]  

(  Quotient  "  g 

(  Product  "       6^  =-  q 

Add  '^        ^ 

I  Remainder      "       

'4  =■  (5) 

Therefore,  the  work  may  be  assumed  to  be  corrcrt  as  both 
unitates  are  the  same. 


ADDITION   OF    FRACTIONS. 


To  add  3  S  and  417: 


51    +    32 


8 


4     _ 


«3 
136 


RULE. 


X      I' 


51.  Plarc  51  above  the  jg- 
4x8=.  32.  Place  32  alune  4 '17.  Next  add  51  and 
32  =:^  83,  which  is  the  numerator  of  your  answer.  Multi- 
ply 8  X  17  =  136,  which  is  the  denominator,  completing 
the  answer. 


lO 


Short     Method     Calculator 
CONTRACTED    METHOD. 


:ost  of  42 ->4  lbs 

32-25 
752-4 

of  butter  at 

Carry. 

X    4    +    2 
X    2    +    0 

X    7    +    I 
X    5    +    2 

12.90   =    322 

64    =      32 

22    =        3 

2    =        0 

$13.78  Ans. 

RULE: — Reverse  the  order  of  the  figures  in  the 
multiplier,  leaving  the  ^units  (2)  under  the  units  (2). 
Multiply  one  figu're  to  the  right  merely  to  find  how  manv 
to  carry. 


To  multiply  any  number  by  14,  19,  106,  108,  103,  etc.  : 


30314      X 
121256 


14 


30314 
90942 


103 


424369   =    Ans. 


3122342    =    Ans. 


RULE  : — Instead  of  writing  down  the  14  and  multi- 
plying in  the  ordinary  way,  multiply  by  the  4  only,  placing 
the  product  one  figure  to  the  right,  and  add. 

In  the  second  example,  multiply  by  the  3  only,  and 
place  the  product  two  figures  to  the  right.  This  method 
saves  a  lot  of  time. 


SURFACE    OF   A    SPHERE. 


To  find  the  surface  of  a  sphere  when  the  diameter  is 
given,  proceed  as  follows:  Square  the  diameter  and 
multiply  by  3.1416. 
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USEFUL    FACTS    IN    HYDRAULICS. 

Doubling  the  diameter  of  a  pipe  increases  the  capa- 
city four  times. 

Circular  apertures  are  most  effective  for  discharging 
water,  since  they  have  less  frictional  surface  for  the 
same  area. 

To  find  the  pressure  in  pounds  per  square  inch  of 
a  column  of  water,  multiply  the  height  of  the  column  in 
feet  by  .434.  (Approximately  every  foot  of  elevation  is 
considered  .equal  to  V2  lb.  pressure  per  square  inch.) 

The  time  occupied  in  discharging  equal  quantities 
of  water,  under  equal  heads,  through  pipes  of  equal 
lengths,  will  be  different  for  varying  forms,  and  propor- 
tionally as  follows:  For  a  straight  line,  90;  for  a  true 
curve,   100;  and  for  a  right  angle,  140. 


13   CHECK    FIGURE. 


To  apply  the  13  check  figure,  cast  out  all  multiples 
of  13,  as  13,  26,  39,  52,  etc.  The  remaining  figure  is  the 
proof  figure.  If  the  proof  figure  is  not  the  same  in  the 
body  of  your  example  as  in  your  answer,  your  answer  is 
not  correct.     Proceed  as  follows  : 


19816   =   4  ] 
28734   =   4 
52067   =    2 


100617   = 


=    10 


10 


APPLICATION.— 13  from  19  leaves  6 ;  affix  the  8. 
^5  ('3  X  5)  from  68,  3  remains.     26  (13  x  2)  from  31,  5 
52  (13  X  4)  from  56,  4  remains,  etc.,  etc. 


remams. 


One  ton  of  soft  coal  is  equal  to  two  cords  of  hard 
wood  for  making  steam. 


kS^/'-  ^<V-?V^iW?Jt. 
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THE    CIRCLE. 

Archimedes  found  that  the  circuniterence  of  any  circle 
was  nearly  3  i  7  times  the  diameter.  If  the  exact  ratio 
could  Ix'  found  the  process  of  squaring'  or  quadraturing 
the  circle  would  Ix,*  accomplished  by  figures.  Thousands 
of  persons  have  claimtJ  in  almost  as  many  different  ways 
the  accomplishment  of  this  impossibility.  The  ratio  of 
the  diameter  to  the  circuuiference  has  been  fornd  to  over 
600  decimal  places.  The  following  ratios  will  answer  all 
practical  purposes.  * 

RULE: — Multiply  the  diameter  by  3.1416,  or,  for 
greater  accuracy,  by  3.141592653,  or  multiply  the  area  by 
12.566  and  extract  the  square  root  of  the  product. 

We  will  append  the  foUowing,  which  gives  the  ratio 
of  the  diameter  to  the  circumference  to  be  as 
I  to  3.141592653589793238462643383279502884197169399 
37^105820974944592307816406286208998628034825342117 
067982 1 480865 1 32823066470938   +    to  infinity. 

[Note — The  circle  has  never  been  so  fully  explained 
before  in  books  of  this  sort,  especially  in  such  short  rules. 
— Author.] 


Short     Method     Calcli.ator 


'3 


To  find  the  area  of  a  segment  of  a  circle,  proceed  as 
follows:  Multiply  the  total  area  of  the  circle  by  the 
number  of  degrees  in  the  arc,  and  di\i  le  by  360.  This 
will  give  you  the  area  of  the  sector  (A,  B,  C,  E).  Deduct 
the  area  of  the  two  triangles  (A,  B,  D  and  A,  D,  C)  and 
the  remainder  is  the  area  of  H,  C,  E. 


To  find  the  length  of  the  chord  (B,  C)  multiply  the 
height  of  the  segment  (D,  E)  by  the  remainder  of  the 
diameter  (D,  F)  and  the  result  is  equal  to  B,  D  x  D,  C. 
Of  course,  A  B  and  A  C  are  each  equal  to  'i  of  the 
diameter,  and  A,  D  +   D,  E  =   A,  B. 


To  find  the  height  of  an  arc,  take  half  the  diameter 
and  half  the  chord,  multiply  their  sum  by  their  difference, 
and  subtract  the  square  root  of  the  product  from  half  the 
diameter. 


AREA    OF    A    SECTOR. 

To  find  the  area  of  a  sector,  divide  the  number  of 
degrees  in  the  arc  of  the  segtor  by  360,  multiply  the  result 
by  the  area  of  the  circle,  of  which  the  sector  is  a  part. 


AREA   OF    A    SEGMENT. 


To  find  the  area  of  a  segment,  divide  the  diameter  by 
height  of  segment,  subtract  .60.S,  extr.ict  square  root  of 
the  remainder,  multiply  by  4  times  square  height  of 
segment  and  divide  bv  3. 


SIDE    OF   AN    EQUAL    SQUARE. 


To  find  the  side  of  an  equal  square  of  a  circle,  multi- 
ply diameter  by  .8862. 


*  -'j^i^.^ssi-^sflKr 
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Short     Method     Calcilatok 
LENGTH   OF    AN   ARC. 


To  find  the  length  of  an  arc  of  a  circle,  multiply 
length  of  circuniferi-nce  by  number  of  degrees  in  arc  and 
divide  by  360. 


TO  FIND  LENGTH  OF  ANY  CHORD. 


A  good  short  method  of  obtaining  the  length  of  any 
chord  of  a  circle  is  to  multiply  the  height  of  the  an  by 
the  remainder  of  the  dianeter,  extract  the  square  root  of 
the  product,  and  multiply  the  result  by  2. 


TO    FIND    DIAGONAL   OF    A    SQUARE. 

When  the  side  of  a  square  is  given,  to  find  the 
diagonal:  Multiply  the  side  of  the  square  by  1.41421; 
or,  multiply  by  99  and  divide  by  70. 


TO  FIND  DIAMETER  OF  CIRCLE. 


To  find  the  diameter  of  a  circle  when  length  of  chord 
and  height  of  arc  only  are  given. 

RULE. — Divide  the  square  of  half  the  chord  by  the 
height  of  the  arc  and  add  the  given  height. 

OPERATION.— Length    of    chord    56    inches    and 
h>i£rht  of  arc  8  inches.     To  P    1  the  diameter. 
56    4-   2    =    28,       28  squared    =   784,       784    -^   8   =   98, 
98  +   8  =    T06.     Ans.  106  inches  diameter  of  circle. 


DEGREES    IN    ARC    OF    CIRCLE. 

Multiply  length    of    arc    by  360,  and  divide  by  the 
circumference. 


Short     Method     Calcllator  is 

TO  FIND  LENGTH  OF  UNKNOWN  SIDE. 

To  find  the  len^Mh  of  one  side  of  a  rectangular  solid, 
when  the  cubic  contonts  and  the  length  of  two  sides  ar*» 
given. 

RULE.— Divide  the  cubic  contents  by  the  product 
of  the  two  given  sides. 


In  the  above  we  find  that  one  side  of  the  square 
(A  and  B)  takes  in  '^  of  the  circle,  the  diameter  of  which 
we  will  assume  is  lo  inches.  This  gives  151.416  inches  of 
circumference,  '^  of  which  (31.416  -f  4)  Ys  7.854  in-rhes. 
if  we  were  to  straighten  out  the  arc  A,  D,  B  it  would 
reach  from  A  to  C  or  2iy  of  the  circumference,  or  8.976 
inches.  Making  A,  C  1.122  inches  longer  than  A,  B, 
and  as  1.122  inches  is  17  of  .785  inc'-es,  4  arcs 
straightened  would  span  4.488  inches  i  >re  than  the  cir- 
cumference of  the  circle. 


CIRCLE   OF   EQUAL   AREA   TO   GIVEN   SQUARE. 

Simply  multiply  side  of  the  square  by  1. 12838.  The 
result  will  be  the  diameter  of  a  circle  containing  the  same 
area  as  the  square. 


i6 


SiioKT     Method     Cai.cii.ator 
9   CHECK    FIGURE. 


To  apply  the  9  cliock  ligiirc,  cast  the  nines  out  and 
reduce  both  the  sum  you  have  added  and  the  answer  found 
to  a  unitate  to  prove  the  addition  correct. 


EXAMPLE: 

124863  =. 

24 

34534-  = 

21 

870871  ^ 

3' 

423163  ^: 

19 

23623^  - 

20 

569657  ^ 

38 

712984  = 

31 

-  () 

^  3 

=  -I 

10   —  1 


4  unitate 


=    1 1 


32831 14   =   22 


4  unitate 


Add  figures  of  jach  line.  The  first  line  adds  to  24; 
now  add  2  +  4  =.  6 ;  repeat  with  each  line.  The  fourth 
line,  we  find,  adds  to  19,  i  +  9  -  10  and  1+0=1. 
Keep  on  adding  in  each  case  until  you  have  reduced  each 
line  to  one  figure.  Next  add  all  of  the  unitates,  which 
in  the  above  case  add  to  22  and  2  +  2  ^^  4,  which  is  the 
final  unitate.  In  the  answer  we  find  that  the  final  unitate 
is  4  also,  which  proves  the  work  correct.  The  figures 
24.  21,  31,  etc.,  can  be  added  mentally,  A  little  practice 
will  soon  enable  you  to  apply  the  9  check  figure  very 
quickly. 


WATER    POWER. 


To  find  the  pressure  in  pound';  per  square  inch  of  a 
column  of  water:  IVfultiply  the  height  of  the  column  in 
feet  by  .434.  Approximately,  we  say,  that  each  foot  of 
elevation  is  equal  to  '<  pound  pressure  per  square  inch. 
This  rule  will  allow  for  ordinarv  friction. 


'Zj::ri"^^'7¥^^^'' 


ShOKT      MkIIU)!)      C'vi.ii  i.aiok 
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H    CHECK    FIGURE. 


^V''lc-  the  M  ihc'ck  figure  is  net  inf:,llil,k.,  it  is  re- 
liable  ,n  rr.ost  cases.  An  operation  ol  this  system  may  b*- 
descnl)ed  as  follows:  '  ^ 

•  h  ^''u?u''''\  ''T""*"  "^  ^'^  '''^^"'■^'^  «''<^h,  starting  at 
the  r.ght-hand ;  add  the  first,  third  and  fifth  figures  and 
deduct  the  second  and  fourth.  If  the  latter  exceeds  the 
former,  add  ii  before  deducting.  The  result  is  the  proof 
figure.  •^ 


EXPLANATION  OF  II   CHECK  FIGURE  SYSTEM. 


I  St  amount     $484.2(1 


2,M  amount  Si 75. 32 


$659.58 


6 

+ 

4 

-f 

4 

14 

2 

+ 

8 

=          10 

14  —  10 

=    4 

2 

+ 

5 

+ 

I 

+    II    =    19 

3 

+ 

7 

+ 

=      TO 

19    —    10 

=   9 

4   +    9   = 

(13) 

^     +     9     +     6     =     21 

5    +    5  =10 


-3  —  10  =  (13) 


-fefcTV  i-j.y  ^v^ 


iK  SlIOKI        MlllMtn       I'.MA  I  I.MtJK 

SHORT    KULH    IN    DIVISION. 

KXAMI'LK.  — DivUlf  .'70  l)y  iH. 
())  .'70 

15  AllN. 

As  the  lartors  ot  iH  art'  (>  and  ,^,  wv  simply  <li\ifl«'  l)y 
n  and  Mien  by  3,  wliiili  makos  it  possible  to  <l<)  much  work 
of  this  kimi  without  a  {K'licil. 


SQUARH    ROOT    WITHOUT    A    PF.NCi:, 


EXPLANATION.— In  Fig.  A  we  have  3  for  the  basr 
and  4  for  the  altitude.  Thi.s  will  give  us  5  even  for 
Hypothenuse.  But,  where  it  will  rot  give  us  an  even 
root  for  the  third  side,  proceed  as  follows: 

.Squ.'ire  the  5  (5  x  5)  —  2^,  aiid  <)  (d  x  fi)  -  36,  find 
their  sum  25  +  36  -  (u.  Now,  as  the  square  root  of  (11 
is  7  (7  X  ;  )  —  49,  we  write  7  d<nvn.  We  ha\e  a  re- 
mainder of  12.  We  write  that  down  and,  as  the  square 
root  is  'letween  7  .ind  8,  we  simply  add  the  two  together, 
which  j^ixcs  us  15,  uhich  completes  the-  fraction. 

Note — To  find  the  base  or  altitude  when  the  other 
two  sides  are  given,  subtract  square  root  of  one  froni 
square  root  of  the  other;  then  proceed  as  above. 


SlKiKI        M.IIKd)       (M.l  I  I.ATOH  ir, 

SUBTRACTION   OF    FRACTIONS. 


To  siil)rr;ic-t   27  from  59: 


5    _    2 

9  7 


=    »7 
=   63 


Kri.i:.  Multiply  5x7  ;iiul  2  x  ()  and  suhlnict  for 
iIk-  niiUKiator.  NVxt  tmilliply  c)  x  7  (,3.  wliirli  is  the 
(Uiioininator. 


CUSTOM    HOUSE    ADDITION. 


$57,426.83 

34.28<}.2i 

Proof  Method 
20 
28 

98.253.47 
47.538.62 

30 
29 
16 

25.07.?'-' 

.33 
28 

$314,923.00 

S.l 

1 4,923. 00 

Acid  cncli  roliinin  soparjitely.  Put  down  hoili  fif^urcs. 
as  above,  and  continue  with  e..,h  column,  and  ;tdd  the 
dilforcnt  sutHs. 

This  method  of  addin^'^  d(H's  aw.ty  with  the  prcn.es.s  of 
carryino.  and  is  very  valuable,  especially  if  you  are  liable 
to  lie  interrupted  while  ;it  work.  It  also  ciablcs  you  to 
disco\er  an  error  if  one  exists. 


Each   square  foot   of  tjrate  surface  is  equal   to  nine 
feet  of  heating  surface. 


».  -?KE:^{C'.    -^ 


rssP!^SiS!3»^isr^ 


i*^  Sin>Kr     Mirii«>i)     CM.iri.AioK 

TO    MULTIPLY    2    FICillRHS    BY    II. 

lo  imiltiply  ;my  i\vo  liniinvs  hy  II,  add  llu-  li|;iir«-  on 
iIh'  U'ft  l<»  the  oIIht  iwo  linuMs.  I'm-  ihvir  Minis  loi  liisi 
two  fijiiires  i»f  tin-  answer,  and  ns<-  llu-  li^iirr  U^  \hv  ri^;lil 
lor  llw  lliird  lij>iir«'  of  llu-  aiiswx  r.  \^,  54  <  11;  sa\  \.\ 
•'"•'  y        3r»  •>"''>«  down  llu-  4,  inakinn  ,^74. 

I'lXAMIM.I'iS.-  42  X  II  4()j,  u\  X  II  (11)^, 
cw.  \u\\  can  add  lli««  iwo  lom'iluT  and  place  llwir  snnis 
lH>l\v«'4'n  llu-  Iwo,  1)111  ili«-  al)o\«-  rnl«-  is  llu-  In-st.  as  it  <I<ms 
away  wilh  larryinj;  wlu-n  tlu'ir  sums  ai«'  inor*-  than  <(. 


TO  MULTIPLY  SEVKRAL  FKRIRES  BY  II. 


,lS77cx)7rn)7 

I'"irst  hrinji  down  first  (ij^uro  at  tlio  ri^lit  (7),  noxl  add 
tlu-  7  to  fill'  noxt  figure  (-'),  making;  c).  NOw  cirop  tin-  7 
and  say  2  +  4  -  (,,  4  +  ^  -  7,  ^  4  (,  (,,  1.  4^  4  1,,. 
I'lact'  o  in  the  answer  and  carry  the  1:4  j  -  u  and  1 
carriod  -  7.  2  +  5  -  7,  5  f  ^  ^  K.  Now  hrin^  lUww 
tlie   T,  at  the  left,  which  completes  the  answer. 

To  nuilfiply  hy  11  ,  proceed  as  alx>vt'.  except  lii;ii. 
after  hrin^intj  down  the  fifjnre  at  the  rij,dif  .md  then  add- 
ing the  first  and  second  figures,  yru  must  add  the  first 
three  figures,  then  drop  the  first  figure  and  add  the  secoid, 
third  and  fourth,  then  drop  the  second  figure,  etc.,  etc. 


AREA    OF    AN    ELLIPSE. 


Multiply  the  produ  t  of  boch  diameters  by  .7^^.\ 


Wk''^  '■• 


^-agsf; 


U^W. 


Smi»mi      Mm  mud     1'\i.m;i.\iok 
AI)l)IN(i    IVtHTHOI)    OH    DIVISION. 


31 


Old   Way. 

Ntnv    Wav. 

7M> 

Alls. 

'.?.?-• 

iMoi 

""i.S 

J"5 

■!.?7" 

2HfU 

iK()i 

iHj5 

3'>5 

.?".S 

.\n> 


FCXFMwWATIOX.  — In  ihe  shorl  iiw;h«ul  wr  lind  that 
.V)5  is  roniaiiird  Ml  Hd^  {w'wv.  Write  J  for  (irsi  W^iurv.  in 
iIh-  answvr.  \<>\\  say  twice  5  aro  10.  As  it  takt-s  3  to 
«(|iia!  ilu-  _]  of  iho  H63,  wriK'  <i<mn  tli*-  3  and  larry  tin-  r. 
\()\v  sa\  tv\i(<-  6  are  12  and  i  carriod  13.  If  takes  3 
mor«'  to  <T|iiai  tlu-  «■;  writ*-  down  lh<-  3  and  carry  the  i. 
\«xi  sav  Iwicf  3  art-  (t  and  r  irrird  makes  7.  As  r  iTior<- 
is  necessary  In  ef|ual  'he  8,  write  down  the  1,  brin^  down 
tile  2  and  continue  as  In-forv. 


HOLE    IN    A    BOILER. 


If  a  rivet  blows  out  a  boiler,  to  lind  the  amount  of 
w.Tter  will  escape. 

RTLE. — 2i<  times  the  square  of  the  diameter  of  the 
hole  multiplied  by  the  square  root  of  the  pressure  in  lbs. 
will  ^ive  you  the  number  of  gallons  per  minute. 
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Short     Method     Calci  lator 
SPEED   OF    PULLEYS. 


The  diameter  of  the  driver  and  driven  given  to  find 
the  revolutions. 

Multiply  diameter  of  driver  by  its  numljer  of  revolu- 
tions, and  divide  by  the  diameter  of  the  driven. 


The  diameter  and  revolutions  of  the  driver  given,  to 
find  diameter  of  the  driven  that  will  make  any  given 
number  of  revolutions. 

Multiply  diameter  of  driver  by  its  own  revolutions 
and  divide  by  the  number  of  revolutions  of  the  driven. 


Multiply  diameter  of  driven  by  the  number  of  revolu- 
tions you  wish  to  make.  Divide  by  revolutions  of  driver. 
The  quotient  will  be  diameter  of  driver. 


TONS   OF   HAY   IN   STACK. 

To  find  the  numljer  of  tons  in  a  stack  of  hay,  multiplv 
the  length  in  feet  by  the  width  in  feet,  then  multiply  bv 
half  the  height  in  feet  and  divide  by  300. 

EX.AMPLE. — A  hay  stack  30  feet  long,  20  feet  wide 
and  t6  feet  high. 

30  (long) 
20  (wide) 

600 
8  ( '  ^  of  height) 


300)  4800  (16 
300 


1800 
1800 
.\ns.   1 6  tons. 


■ri  ■•_■-     L  . 


Short     Method     Caixti.ator  23 

ONE    BOARD    WILL    FENCE    ONE    ACRE. 


To  find  the  number  of  acres  in  a  farm  whirh  can    le 

fenced  with  one   board  for  each  acre,   making  the  fenc 

four  boards  high  and  the  length  of  the  boards  to  be   11 
feet  long. 

RL'LK. — As  11  feel  is  ;' i  of  a  rod,  |ij  boards  ^  i 
rod,  and  4  boards  high  =  i'..  x  4  -^  (>  boards  for  eacli 
rf)d  of  fence.  N'ow,  as  we  must  have  one  hoard  for  each 
acre  we  must  have  6  acres  for  each  rod  of  fence,  and  as 
we  cannot  multiply  boards  by  acres,  we  will  put  the  acres 
into  rods.  160  rods  (i  acre)  +  6  =  9(10  rods  in  (>  acres. 
if>  is  our  rule.  16  is  the  only  area  which  gives  us  tlu- 
same  perimeter. 

So  we  say  ifi  x  6  :r-.  qfi  and  9(10  x  96  -  92,1(10 
acres.       .Ans. 

PROOF. — g2,i(xi  acres  ^  640  -  144  square  miles, 
or  12  miles  square,  which  gives  us  u  x  4  =  48  miles 
of  fence.  48  miles  =:  5280  x  48  =-  253,440  feet. 
253,440  -I-  1 1  -  23,040  boards  for  each  board  of  height. 
And  23,040  X  4  —  92,ifx5  boards  to  fence  92,160  acres; 
boards   1 1  feet  long  and  fence  4  lx)ards  high. 


CUBIC    FOOT   OF    COAL 


.\  cubic   foot   of  anthracite   coal    weighs   53   lbs. 
cubic  foot  of  bituminous  coal  weighs  47  to  50  lbs. 


A 


SPEED    OF   A   TRAIN. 


To  find  the  speed  of  a  train  on  which  you  are  a 
passenger.  Count  the  number  of  times  a  wheel  hits  the 
end  of  a  rail  in  20  seconds.  The  result  will  l)e  the  numlx^r 
of  miles  per  hour. 
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Short     Method     Calcii.ator 
SQUARE    ROOT. 


The  first  step  in  extracting  the  square  root  of  a 
number  is  to  mark  off  the  figures  of  the  number  in  groups. 

Since  I  =  i',  ICG  =  io%  10,000  =  ioo%  and  so  on, 
It  IS  evident  that  the  square  root  of  any  number  between 
I  and  100  lies  between  1  and  10;  of  any  n-imljer  Ixitween 
100  and  10,000  lies  between  10  and  100.  In  other  words, 
the  square  root  of  any  number  expressed  by  otte  or  two 
figures  is  a  numljer  of  one  figure;  of  any  numlaer  ex- 
pressed by  three  or  fotir  figures  is  anumber  of  tzvo  figures, 
and  so  on. 

If,  therefore,  an  integral  .  number  l>e  divided  into 
groups  of  two  figures  each,  from  the  right  to  the  left,  the 
number  of  figures  in  the  roof  will  be  equal  to  the  number 
of  groups  of  figures.  The  last  group  to  the  left  ma  m- 
sist  of  only  one  figure. 

Find  the  square  root  of  1225. 

'-  -5  (35  The  first  group,  12,  contains  the  square 

9  of  the  tens'  number  of  the  root. 

The  greatest  square  in  12  is  9,  and  the 
square  root  of  g  is  3.  Hence  3  is  the  tens' 
figure  of  the  root. 

'"lie  square  of  the  tens  is  suljtracted, 
and  the  remainder,  contains  twice  the 
tens  X  the  units  +  the  square  of  the  units.  Twice  the 
3  tens  is  6  tens,  and  6  tens  is  contained  in  the  32  tens  of 
the  remainder  5  times.  Hence  5  is  the  units'' figure  of 
''le  root.  Since  twice  the  tens  x  the  units  +  the  square 
of  the  units  is  equal  to  (twice  the  tens  +  the  units)  x  the 
units,  the  5  units  are  annexed  to  the  6  tens,  and  the  result, 
65,  is  multiplied  by  5. 

The  same  method  will  apply  to  numbers  of  more  than 
two  groups  of  figures,  by  ronsirlcring  the  part  of  the  roDt 
already  found  as  so  irany  tens  with  respect  to  the  next 
figure. 
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Short     Mktiiod     C  ah  ii.aiok 
Extract  the  square  rt)ot  of  7890481. 


7  8g  04  81  (2809 

4 


4S)  3  89 
3«4 


5(109)  5  04  81 
5  04  8j 


When  the  third  fjroup,  04,  is 
brought  down,  and  the  divisor,  5<), 
formed,  the  next  tigure  of  the  root 
is  o,  because  56  is  not  contained  in 
50.  Therefore,  o  is  placed  both  in 
the  root  and  the  divisor,  and  tlie 
next  two  figures,  81,  are  brought 
down. 


If  the  square  root  of  a  number  have  decim.il  places 
the  numlx-r  itself  will  have  twice  as  many. 

Thus,  if  o.  1 1  be  the  square  root  of  some  number,  the 
number  will  l)e(o.n)'  =  o.  1 1  x  o.  i  r  ^  o.ot^i.  Mencc 
if  a  given  square  numljer  contain  a  decimal,  and  if  it  be 
divided  into  groups  of  two  figures  each,  by  beginning  at 
the  decimal-point  and  marking  toward  the  left  for  the  in- 
tegral number,  and  toward  the  right  for  the  decimal,  the 
number  of  groups  to  the  left  of  the  decimal-point  will  show 
the  number  of  integral  places  in  the  root,  and  the  number 
of  groups  to  the  rii^ht  will  show  the  number  of  decinnil 
places  in  the  root. 

Extract  the  square  ro  •!  of  52.2729. 


52-27  29 

49 

'42)  3  27 
284 

(7 

23 

1443)  43  29 
43  29 

It  will  be  seen  from  the  groups 
of  figures  that  the  root  will  have 
one  integral  and  two  decimal  places. 


If  a  number  is  not  a  jjerfect  square,  ciphers  mav  l)0 
annexed,  and  an  (ipproxiniafe  value  of  the  root  found. 


J() 
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I'.xIr.Hl  to  six  pl.-u-fs  of  decimals  tlu- .sc|uare  root  ol   k). 


ic)  oo  oo  oo  (^ 
10 

*<3)3oo 
J  40 

•35««W 

8(15)  51  00 
43  -'5 

'^^7"^)  7  75  00 
(1  <)()  (>4 

8710)78  3(10 
iH)  7jS 

8  0_i2o 
78444 

In  this  t'xampli',  aftor  (iiulirii; 
lour  lij,nir<'s  of  ilic  root,  tin- 
otluT  thno  arc  roiiiul  In  commoii 
division.  TIh-  ruio  in  smli  c.isfs 
is,  that  one  U'ss  than  the  ninnhi-r 
ol  lifjures  already  obtained  may 
Ih"  found  without  error  by  di- 
vision, the  divisor  to  l)e  emploved 
iK-iiiij  t\vi<-e  the  part  of  the  root 
already  found. 


787rxj 


CUBE    ROOT. 


The  cube  of  a  numlx'r  is  the  prcnluct  of  Ihtce  factors, 
oach  equal  to  the  numlK'r. 

The  culx's  of 

'•  -'     3>     4<       5'       '^.      7.       S.       Q.        10. 


are 


I,    8,    27.    ()4.     125.    2  15,    343,    512,    72q, 


1000. 


The  cube  root  of  a  number  is  one  of  the  tf  rec  equal 
factors  of  the  numljer. 

Thus  the  cube  roots  of 

1.  8,   27,  64,   125,   2if),   343,   512,  729,    loou. 
*"■«  '•  -.     3.     4.       5.       C\       7,       8,       9,        10. 


i^TQ^- ■  <:;^^i^&^^ K^y^'^"^ '   a^'^'w^mm'mmi^A-mr^Kmf.:  :Mi 
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rile  cuIk'  root  ol  ;i  luimlH'r  is  indicatfcl  l)y  v  ,  or  by 
the  fraction  i/s  written  above  and  to  ihe  riglit  ot  (he 
nunilwr. 

Thns,    "^^343,  or  343'.  int-ans  th<'  <iib«'  rortt  ol   343. 

Since  35  30  t  :^,  ih<'  cube  ol  ^^  niav  Ik-  obtained 
thus : 

30+5 


:?o'+  (30x5) 

+    (3ox5)  +  .s' 


30    ~  2  J, IKK) 


30^  +  2(30x5)  f  5' 
30  +s 


3(3"  X  5')  = 


1 


30' + -'(30' X  5)  I     (30x5-) 

(30' X  5) +  2(30x5-') +5' 


4^.«75 


30' +  3(30' X  5) +  3(30x5=) +  5' 

Hence  the  culx;  of  any  number  <<)mp«)sed  of  len>  a., 
units  contains  four  parts: 

I.     The  culx'  of  the  tens. 
II.      ihree   liiiH's   the  product  of  the  square  of  the 
tens  by  the  units. 

III.  Three  times  the  product  of  the  tens  bv  the 
square  of  the  units. 

I\'.     The  cuIk'  of  the  units. 

In  extracting  the  cube  root  of  a  numlwr,  the  tirsi 
step  is  to  piark  off  the  fii,ures  of  tho  number  in  fjroups. 

Since  i  -  i\  1000  -  to',  1,000,000  —  100',  and  so 
on,  it  follows  that  the  cube  root  of  any  number  between 
I  and  1000,  that  is,  of  any  number  that  has  one,  fwn,  or 
three  fiijures,  is  a  number  of  one  fig;ure  ;  and  that  the  cube 
root  of  any  numljer  between  1000  and  1,000,000,  that  is, 
of  any  number  that  has  four,  five  or  ,s/.\  figures,  is  a 
number  of  tivn  figures,  and  so  on. 
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Short     Method     Calcii.ator 


If.  therefore,  an  intejj^ral  numlx-r  lx>  divided  into 
groups  of  three  figures  each,  from  rij^ht  to  left,  the 
number  of  fi{,'ure.s  in  the  r<H)t  will  be  equal  to  the  numljer 
ot  groups.  The  last  group  to  the  left  may  consist  of  one, 
two,  or  three  figures. 

i-^xtract  the  culx;  root  of  42H75. 

4-  ^7.S  (35         Since  42875  consists  of 
^7  two  groups,  the  cul)e  root 

'5  '^75  will  consist  of  two  figures. 

The    first    group,    42, 
contains  the  cube    of    the 
tens'  numljer  of  the  root. 
The  greatest  cul)e  in  42 
is  27,   and  the  cu1k>   root 


3  X  30^  =  2700 
3  X  (30x5):^    450 


3>7.S 


1 5  «75 


of 


is  3.     Hence  3  is  the  t«ns'  figure  of  the  root. 


I  he  remainder,  15875,  resulting  from  subtracting  the 
cul)e  of  the  tens,  will  contain  three  times  the  product  of 
the  square  of  the  tens  by  the  units  +  three  times  the  pro- 
duct of  the  tens  by  the  square  of  the  units  +  the  cube 
of  the  units. 

Ivach  of  these  three  parts  contains  the  units'  number 
as  a  factor. 

Hence  the  15875  consists  of  two  factors,  one  of 
which  is  the  units'  number  of  the  root;  and  the  other 
factor  is  three  times  the  square  of  the  tens  +  three  times 
the  product  of  the  tens  by  the  square  of  the  units  +  the 
square  of  the  units.  The  larger  part  of  this  second  factor 
is  three  times  the  square  of  the  tens. 

And,  if  the  158  hundreds  of  the  remainder  be  divided 
by  the  5  x  30=  =r  27  hundredths,  the  quotient  will  Ije  the 
units'  number  of  the  root. 

The  second  factor  can  now  be  completed  bv  adding 
to  the  2700  3  X  (30  X  5)  -  450  and  5'  =  25. 

The  same  method  will  apply  to  numbers  of  more  than 
two  groups  of  figures,  by  considering  the  part  of  the  root 
already  found  as  so  many  tens  with  respect  to  the  next 
figure  of  the  root. 


W!Si 
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Short     Mkhiod     Caixi  i.atok 
Kxtract  the  cube  root  of  575iJ4;;6. 


39 


57  512  45<i(3«^ 


3x30--      2700      30512 


3    X    (30   X   8)  : 


8'=r= 


rjo 

"4 


34H4      J  7  S72 


3x380'=  433200 

•;  X  ( -^80  X  ())  =^      (1840 

6'=  3(, 


2  040  45*) 


440070      2  ()4o  45(1 


II  the  culje  root  of  a  number  have  decimal  places,  the 
number  itself  will  have  three  times  as  many. 

Thus,  if  o.  II  Ix;  the  culoe  root  of  a  number,  the 
numlx'r  is  o.  1 1  x  o.  i  i  x  o.  1  i  =  0.00 1 331.  Hence'  if  a 
given  number  contain  a  decimal,  and  if  the  (ij^ures  of  the 
numl)er  Ix;  divided  into  fjroups  of  three  fifjures  each,  by 
Ijeginninfj  at  the  decimal-point  and  marking  toward  the 
left  for  the  integral  numlier  and  toward  the  right  for  the 
decimal,  the  number  of  groups  toward  the  left  from  the 
decimal-point  v.ill  show  the  numlx-r  of  intet^ml  places  in 
the  r(x)t,  and  the  number  of  groups  toward  the  rif^lit  will 
show  the  number  of  decimal  places  in  the  root. 


CUBIC    CONTENTS    OF    A    SPHERE. 


To  find  the  cubic  contents  of  a  sphere  when  the 
diameter  is  known,  proceed  as  follows:  Multiply  the  -ul)e 
of  the  diameter  by  .5236. 
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CHRONOLOGY    OR   COMPUTING    TIME. 


Ihr  jiili;in  C;ilrnd;ir,  <»r  Old  Stylt-,  i  sl.ihlislud  hv 
Julius  C'ji'sar  4(1  li.C,  was  in  ust-  in  all  Christian  coun- 
Irits  iMilil  ihf  yrar  i^Hj,  when  I'opi-  (Iri-jjory  XIII. 
d('<ri"i-(i  that  in  all  Catholic  iountrios  thi'  Julian  c'alendar 
should  Ih'  aholislu'd  and  a  i-orri'ction  ol  10  days  Ix-  made 
nMkMi}4  the  ^tli  of  the  month  of  (X-toher  in'  that  year 
the  15111;  and  also  that  instead  <if  retkoninj^  every  four 
years  a  leap  year  the  centurial  years,  as  Kkx),  1700, 
|S(X5  should  not  \w  leap  years  unless  divisible  by  400.  It 
will  thus  be  seen  that  idoo  was  a  leap  year  aeeordinji 
to  the  New  Style,  but  1700,  iSoo  and  iqoo  are  not.  The 
next  centurial  leap  year  will  be  2000.  The  New  Stvie 
was  not  adopted  in  ICnjjIand  and  .\meri<a  untH  1752. 
The  Old  Style  is  still  used  in   Russia. 

According  to  the  Old  Style  everv  fourth  vear  is 
counted  a  leap  vear  and  an  extra  day  is  added  to 
February.  .\s  the  true  solar  year  does  not  contain  ex- 
.tctly  3*15  'j  days  this  error  was  the  cause  of  the  adoption 
of  the  New  Style,  which  is  sometimes  called  the  (ire- 
dorian  Calendar,  but  which  was  reallv  devised  by 
Aloysius  Li.lius,  or  Luigi  Lilio  Cihiraldi,  a  learned  as- 
trotiomer  and  physician  of  Naples,  who  died  before  its 
adoption.  It  devolved  unon  Clavius  to  make  all  the 
calculations  ne«-essary  for  its  verification,  and  by  whom 
it  was  completely  developed  and  explained  in  a  large 
folio  treatise  of  Soo  pai^es,  published  in    tdo^. 

It  is  our  mission  to  strip  the  lont,'  methods,  tables, 
lie.,  of  the  folio  treatise  of  their  d<)niini(al  letters,  te(-h- 
nical  terms,  et<-.,  and  to  present  the  simplest  rules  for 
finding  the  day  of  the  week  of  any  date,  Easter  Sunday, 
and  the  principal  C"hurch  feasts  depending  on  Haste'r! 
.Age  of  ^Ioon,   etc. 

OLD   STYLE. 

To  find  the  day  of  the  week  corresponding  to  anv 
date,   according  to  the  Julian  Calendar,  or  Old  Stvle:— 


■Siw 


^r^SJIS 


•1^-^ 
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.?! 


Kl'Li:. —  lo  ihf  givfii  vt;ir  add  its  oiif-loiirlh  part 
(<lis<ardinn  fractions,  il  ;in\ )— in  It-ap  years  add  its 
(iiu'-lourtli  part  kvss  om — the  niimlHT  of  days  tliat  ha\r 
rlapsfd  since  the  hcyinninj,'  of  iht-  ^nvcn  year,  and  5. 
The  excess  of  sevens  sijjnifies  tlu  day  of  the  week  — 
I  indicating;  S.-nday,  2  Monday,  etc.,  while  a  reinainde,- 
of  o  indicates  Saturday. 

Ihe  execution  of  Charles  I.  <M<iirred  January  .^oth. 
M)4i);  re(|uired  the  day  of  the  week.* 


"'49   = 
41 J  = 

5 

Operation. 

NVar. 
Leap   \ears. 
Days  since  i)e}iinninn  of 

yeai 

7) -'09'' 

2i)q  —  .1  -  'luesday. 

Columbus  dist'overed  .\merica   Oct.    12th.    i4()j;     re- 
(:uired  the  dav  of  the  week. 


I J92 
286 


Operation. 

^'e.lrs. 

Leap  vears,  less  one. 

Days  since  l)es4;innini;  of  vear. 


30: 


6  =    Fridav, 


HXPL.WA  .  IO\.— When  the  year  is  exactly  divisihli- 
1)\  4  it  is  always  a  leap  year,  Old  .Style.  1492  heinj^  a 
leap  year,  we  must  he  <areful  and  count  the  extra  day 
for  February;  also  to  deduct  i  from  the  leap  vears.  lii 
this  case  we  have  286  days  from  the  beginning  of  the 
vear  to  the    12th  of  O<ioher. 


*  This  being;  an  l-:ns:lish  date  it  is,  of  course,  counted 
O.S.,  as  it  happened  prior  to  1752. 


\m'-sm, 


.»-• 
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Ni:w  sTYi.i:. 


In  <l»-\isiii>;  .1  Mile  Imi  Irlliii^;  llu-  «l.i\  u|  ihr  \\..U 
<<l  .m\  «l.ilr  .uronlinfj  !<»  N,-\v  Sivic  whirli  is  ,.iii  |ims,  m 
mu'IIkmI  oI  H(  koiiin^;  liinr  wr  will  jii  s|  pitMiil  .1  1  uU 
l«>i  tin-  pri'sviil  (Tiituiv.  whirh  is  «|iiil«-  .msx  ,  jml  is  iji.u 
•  iir  III)  mimlicis  to  unwinhii  it  slwiiiM  lie  Uiiuwii  li\ 
<\civ  om\  .IS  it  will  not  «>iil\  .iiisw.i  ,is  .1  <  .iUihI.m  Im 
«I;iily  iisi-  \\|)ni  no  piiiiiiil  .  lUnil.n  is  ,it  hind,  luii  all 
«l;il«'s,  past  .mil  liiliiii',  i  an  Uv  e.isiiv  ,,smm  t.iinnl.  (m- 
ifctions  (  an  In-  made  lioin  it   lor    iin   rcniiiiv. 

Kl'Ll-;.  I'o  tlu"  ^;i\fii  \c.ii  add  its  onc-loui  ili  p.nt 
(dis,Mr<linij:  liarlions,  il  .mv)  in  Lap  viar  add  its  oiic- 
lonrlh  p.nt  Icss  «  nc  and  the  niitnluM  ol  da\s  that  have 
I'lapsrd  •.inrr  tlu«  hc^inninii  ol  the  i;i\rn  v.ai.  in.lusiv,-. 
I)i\i<lr  lln-ii  sum  l)\  ;.  Ilir  ,-\,  tss  ol  scxcns  si!,>iili»s 
llu-  da\  ol  tho  wt'ck.  1  simiitirs  Sunday,  _•  Monda\,  1 '1  . 
\n  «-\(  rss  of  o  indi<al«s  ."s.itiirda\ . 

I  he    h.iltlc   ol"     N'l-w    Orleans    was    louuiit     |.m.    Sih. 
1S15;  liiid  llu-  <lav  ol   tin-  w»-»'k. 


■  Sis 

4.S.; 
s 


Operation. 

^"^•ars. 

l.oap  years. 

Days  elapsed   sinre  heyinninij   ol    ve 


.^-5  —  '   -  Suiuiav. 


In  le;ip  year  do  not  lori-et  the  joth  ol  l-ehruai  \ 
A  hen  adding  the  number  of  davs  that  have  d.ipsed  sin-v 
■  he  heginnini;  of  the  year.  Fxeept  in  the  e.ise  of  th.- 
.t-ntunal  years  before  mentioned  lean  vear  «-an  ahv.iys 
;-c  to!{|  after  dividing  the  year  bv  4.  when  the  quotient 
i-^  a  whole  number.  Remember  to  deduct  orw  in  su.-h 
vears. 


m 


PSF 


x,   *flWaM  j 


SlIiiK  I         \||.  I  unit       «     \l  >  I    I    \  |(i|< 
llll.l    Ihi'    il.iy    <.|     ih,.    u,,!,    ,,|     |,||^      ,||,       ,j^.,,, 

0|)crali)Mi. 


U 


IS,.. 

\.,l, 

(i.S 

1  .•■,ll> 

lis     /(     1  S      II  III 

.\' 

D.IN 

huili;!!  \ 

-'<» 

D.y. 

1    'III  11.11  s  . 

i' 

D.ivs 

M.ii.  1. 

;<• 

D.v, 

April. 

.V 

l);i>s 

M;.v. 

v> 

D.iys 

|iiii< 

1 

D.ivs 

1 1 1  i  \ 

/•I'^io 


,?''l  \  I  msfl:iv. 


l.\\'\.\\\\U)\.       I,    ih.s.M.I-i.luill   ..UHnilMT  ,lr„ 
'*"    ''"'"^    '"    '•"•    P'-'^l    <<'-Mnv    ,.,|,|    ,,    ,n„|    |,„      iIm     „.M 
n'ni.liv    ,1.1,1    -    ,,,    ||„,   o,„,;,tioi,    |„.for,-    ,livi,|i„,.    I.y    y    ,(„. 
flairs    l,»,      ,,H,      vr;„s    ,  .„,      I,,-    .;,sllv      ;,  ..  .-,1 .,  1,,.' ,|,      -Mhis 
supi.osr  vv  wi.l,  ,o  r„„|  OH  u|,;,|   <!,,v    ,,(    ,!„.  u-,rl:  ,.,,  ,„,.■,! 
""•  -^'^^""/^  -I    ll'«'  .Ir.  I.n, •,(;,, n  ol    in.l.p,.,Hl,„.,-,    f„|v     ,,), 
Tr"-      ^^'<■    OKk.-..!    ,m    ;,|„,\r,    will,    ||„.    ,!,,(,.    I,,     ,«-,,    ,,,„j 
••i<l<l    -•    to   111.-    Slim,    ul,i,I,    i-ivcs    j-^...      J-,.        -'      ,^,, 
yn.l   ■,    rmi.-iin.l.i    of   -.    whirl,   sii^i.ifu.s   Tln,r>rl,,v   ';,„..'.,' 
In  hkr  ni.-.nn.r,   lor   ih..  s.m.r  ,l,-,l,.  i„    ir,-'.  u,-  ,-„IH    -  ,,m<I 
UH    -'S.^S.    ulurh   ,li.i,|,.,|    |,v    -.    ;,s    l„.foM-,    ;.i^,.s   ,,,,    .x,  .-vs 
'•1      -.     whirl,       s.onih.s      l!,,,t      [„Iv      ,,|,.      ,„-,,,     ,,.i||       f.,|,    ,,„ 
>i||lHl,-|y. 

I'lf.  rule  for  Irllintr  the  Min„l,r,-  „|  ,|.ivs  (o  .Hlrl  (,„• 
.H.y  ryntiM-v.  N'rw  Slvlr.  is  ;,s  fr.lN.us:  Fi,„|  ,  hr  r,^„r.. 
.O  ...I.!  fn,-  ,|;,(Y.s  hftw<-<'n  .WK,  .•,,„]  Ihr  r,.„t,irv  fr.llouinf' 
Ur  ..'r<M  Ihr  f.rsf  two  ,  iphrrs  .-„kI  ur  I,;,vr  2o  From 
tli'^  s„I,.,-,.„-t  ,r,  .-md  miiltiplv  thr  nMn.-,inrlrr  (4)  hv  -'' 
(r.>j,-<-|„n.i,.  frr,r(ion.s)  wr  i,,-l  -^r.  \\V  now  .-kUI  4  to  this 
rrsiih.  ,vhK-h  oi^,.s  .-5.  D;,;,}..  i.v  -.  ,„ui  uc  h.,v..  ^,  nnci 
.T  r.-mnind.T  of  4.  Th<-  remnindf>r  is  tho  Hgiiro  sought. 
A  rule  uhi<  h  .-ippllfvs  fo  the  prrsent  rfnturv.  nnfl  hv 
makins-  rorrrct  ions   ,-,s    in    th.-    nrrr,.,lint;   r,,lr   ,„   ,.,ii   ,,.,;. 
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OH 


uries— Nt-u  Si.vl<--,;,„  Ik-  ;,pp|ir(|  nifniallv.     T„  do  this 
JiKurr.s   uhul,   ^^^.     sliall     Icrm   "txirss     ti^'un-s"   „|     tli," 
months  must  be  im-mori/i-d.    Thrv  are  as  l..ll,ms-  — 


St'pt . 
June         I  hi. 


.1 


April      Jan.* 
July        Oft. 


M. 


av 


5 

Auk. 


h 

Nov. 
Manh 


RULH    TO    FIND    THE    HORSHPOWHR    OF    A 
LOCOMOTIVE. 


Miilliply  the  area  of  the  piston  bv  the  pressure  per 
square  .n<h.  uhi<h  should  be  taken  a^  two-thirds  ot  the 
boiler  pressure;  multiply  this  product  In-  the  number  of 
revolutions  per  minute.  Multiply  this  bvfwire  the  lenjjth 
of  the  stroke  in  feet  or  inches;  if  in  inrhes  thev  must  be 
divided  by  .2.  Multiply  this  prr-<„rt  bv  ^  and  divide 
by  33,000.   The  result  will  bo  the  p,.A<r  <.f  the  locomotive. 

Example — 

^>''"^'^'- u)  inches. 

^^!'''^'' 24  inches. 

Diameter  of   Drivers -^  [^chc^, 

■  Running:  Speed,  20  miles  per  hoiir. 
Area  of  Piston,  2H3.5  square  inches. 
Boiler  Pressure,   130  pounds  per  square  inch. 
Maximum  Pressure  in  Cylinders,  80  pounds. 
283.5   x8ox4x   124  X   2 

- — 68 1 .  ft  horsepower. 
33.000 


*  January  and  February  are  each  called  one    less  in 
leap  years. 


SiioHi     Mkimoo     C\i.»  I  i.xtok  ^t 

RULE    TO    FIND    THl:    HORSKPOWER    OF    A 
STATIONARY    HNUINF. 

A  horsi-powt-r  is  .^3.000  poiimls  r.iiscd  otu-  I<h)|  hij;h 
m  <»nr  mimilc.  To  Cmcl  ilw  liorsfjx.wrr  of  .mv  .-n^iMf. 
Hrsi  lind  ilu-  .irr.i  ol  thv  piston  lir.ul  I.kv.  llirn  multiply 
the  answer  by  the  avi-ra^M-  pounds  pn-ssurr  ptr  squan- 
in<h.  then  multply  l)y  ihr  niniiht-r  o|  l.-.-t  travelled  in  one 
minute,  and  divide  hy  .v^<>f'o:  tins  will  >;ive  the  h<>rse. 
power. 

KXA.MI'LF-:.— DianieliT  of  «  ;  liiuler.   ij  inehes. 

1^    X    i_>  r44    X    .7H54  I  i.?.c)()7(.,  .ire.i  of  pi>ion 

head    f.ice. 


Averaffc  pressure 


;o 


?>^5>o 


Travel  pist.    in  ft.   per  niin.  ^00 


330oo)iii():;ooo(5i  i-'-_^3   h.p. 
ir)5ooo 

45000 
,^3000 


I  JOOO 


Power. — The  units  of  force,  distance  and  time  are 
respertivcly  i  pound,   i   foot  and  i  minute. 

Man  Power. — One  man's  power  ^  .0900  horsepower 
=  3,000  units  of  work  =.  3,000  pounds  raised  verticallv 
I   foot  in   I   minute.  <^r  its  equivalent. 

Horsepower. — One  horsepower  ^  11  men's  power  = 
33,000  units  of  work  =  33,000  pounds  raised  vertically 
1   foot  in   I   minute,  or  its  equivalent. 


-^'iflbi^P'i.l 


mM. 


3*^^  SiioiM      .MiMiioD     Lai.cllatok 

RULES    FOR    FIGURING    THH    SAFETY    VALVES 
OF    STEAM    BOILERS. 


I'o  Kind  the  Pressure  when  the  Area  of  \'alve,  the 
U'eiiiht  of  Lever,  Valve  and  Stem,  th(>  Distance  Fiilrrinn 
is  from  \"alve,  and  Weiglii  of  Hall  is  Known.— Divide 
lulcrum  inio  length  of  Jever,  multiply  answer  by  weight 
of  ball,  add  weight  of  lever,  valve  and  stem,  and  divide 
by  area  of  \alve.     Answer  will  be  steam  pressure. 

KXA.MPIJ-:.— WVight  of  ball,  50  pounds;  weight  of 
lever,  \alve  and  stem,  30  pounds;  diameter  of  valve,  2;^ 
UM-hes;  length  of  lever,   20  in<-lies  ;  fulcrum,  4  in<-hes. 


-•-'5 

area 

1 
3 

4)  JO 

•7854 

3 
50 

^■ 

i»70oS75o 

250 

30 

•0)280.0 

7^3^  39  lbs.  pressure, 


Add 


as     many  ciphers  to  the    dividend  as  there    are 
decmi.ils  in  the  divisor  and  divi<le  as  whole  numbers. 


DIVISION    OF    MIXED    NUMBERS. 


^3-^  -^  4 


A)(^^'^ 


RTLF. — 4  into  6  -  i,  j  remains;  4  into  23  -=  5,  3 
remams.  3  (remainder)  x  3  (denominator)  +  2 '(numera- 
tor)^  -  II,  uliicii  is  mimerator  of  vour  answer, 
(divisor)  x  3  (denominator)  r-  i^,  completi 
answer. 


And  4 
ng    your 


SiioKT     Method     Cai.cii.aiok 
MENSURATION. 


Diameter  of  a  cink-   x   3.1410  -     CirciimfcreiKV. 

P.u:,'i>   -.f   a   .-ircle  x  0.-83185   -   CinuinrcriMKv. 

:'r|u.nr..'  <>(   i!,-  radius  of  a  ciick'    x    3.  1416        Area. 

Sc,iuir('  r,i  t;  c  diameter  of  a  circle  x  0.7.S54  r     Area. 

' -r."r<-  ..r  : lie  circumference    of    a    circle    x    o.o-ckS    -- 
Area.  '  -^^ 

Half    tlie    circumference    of    a    circle     x     half    its    dia- 
meter ::    Area. 

Circumference  of  a  circle    x   0.15(1155         Radius. 

Square  root  of  ihe  area  of  a  circle    x    0.564 ,,>         Radius. 

Circumference  of  a   circle   x  0.31831  ^Diameter. 

Squai.    root  of  the  area  of  a  circle    x    1.12.^50  ~  Diameter. 

Diameter  of  a   circle    x    0.80    -     Side   of' inscribed  cnui- 
latc'-al    triangle. 

Diaireter   of   a   <ircle     x    0.707,  Side   of  an    inscribed 

square. 

Circumference  of  a  cMcle    x    0.226   --   Si(k'  of  an  inscribed 
square. 

Ciivumfcrcnce    of    a    circle  x  0.282        Side    of    an    equal 
square. 

Diaire-er  of  a  circk^    x  0.S862         Side  of  an  equal  square. 
Rase  of  a   triangle   x   by    '  .    the  altitude  =  Area. 
Multiply    both    diameters    and    .7854    together  =  Area    of 
an   eclipse. 

Surface  of  a  >|)here  x  by  '■>  of  iis  diameter  =r  Solidity. 
Circumference  of  a  sphere  x  by  its  diameter  Surface. 
Square  of  the  diameter  of  a  sphere  x  3.1410  .-  Surface. 
Square  of  the  circumference  of  a  sphere  x  o  iiS--  - 
-  urlace. 

Cube   of    the   diameter   of   a    sphere   x   0.5236  _-  Soliditv. 
(^ibe  of   ihe   r.idius   of  a   sphere  x   4.1888  -    Soliditv. 
Cube    of    the    circumference    of    a    sphere    x  o.oimS8-  - 
Soliditv.  ' 


3« 


IIDKI         Ml    IIIOI)       C'vi.t  I   l.\  lOK 


S(|ii;it<'    tool    <)|     llu'    sihImcc    oI     ;i    spluMf    x   <).5()ji<) 
I  )ii;mu-tir. 

S(|ii;irr    r(x»t    <.l    llu-    surliKc    ol     ;i    spluTc    x    '-rr-jTl 
('ircimitiMciirr. 

Ciiix'    i(M)l    <i|    llu-    solidity    ol    ;i    spluMf    x    l.vjo-         l)i;i- 
iiit'tcr. 

C'lihc    loot    of     llu-     solidity    ol     ;i    splu'if   x    ,vS()7S        C'ii- 
ciimlcrt'iuc. 

Kiidiiis    ol    n    spluMf   X    I- 15 17        Side   ol    inscrilu-d    ciiIk". 

S(ju;in"    root    ol    (1-^  <.|    tin-   s(|iiart'  ol)    llif   diameter   ol    a 

s|ilu're        Side  ol    insiiihed  eiihe. 
Area    ol     iis    base   x    by     \-\   ol    its    altitude        Solidity    of 

a   roiH-  or   iiyrainid,    uhetlu-r     round,    s(|uare,   or   iri- 

aiij;iiiar. 

Area  ol   oe.e  ol    its  sidi-s    x   o        Suil'aci'  ol    a  cube. 

Altitude  ol    trajuvoid    x     1;    the   sum   ol    its   parallel    sides 
~  Area. 


TWKNTIHTH    CHNTURY    RULE 


;>4''  Sav,    3     X    ()  iS.      Writo  S  down   and 

523  carry  tlio  i.    Xi-xl  say  j,  x  4  -   u.aiid  1  carried 

makes   \  7,.      2    x   ti         12.     Add  i  _^    4     ]2         J5. 

1SCX15S  Write  tlio  5  down  and  carry  the  2.     Now  take 

3      X      3     r-:     0,     and     2    carried     makes     11. 

5    X    (1        30  and  J    X   4        S.     Add  11    +  j,o  +  H  ~    ^q. 

Write  the  9  down  and  carry  the  4.     Next  take  2  x  -?  -    (> 

and  4  carried  makes  10.     5x4  =  20  add  10    f   20  =    ^o. 

Write  the  o  down  and  carry  the  3.     5x3  15  and   ^ 

carried   =    iS.  which  makes  the  answer  complete. 


SIDE   OF   AN   INSCRIBED   SQUARE. 


To  find  the  side  of  the  largest  square  that  can  be 
inscribed  in  a  given  circle,  multiply  the  diameter  by 
.707107 — or  multiply  the  circumference  by  .22508. 


w^ri^J¥^Mmi^mm^jw 


SlIOlM         MlllKil)       ('\l.(  ll.AIOR 

scRFPTiiRAL  mi:asijki:s  oi    i.i-noth. 

With    linglish    Kqiiivalents. 


.VJ 


Thf  t^n.;,!   (ul.ii   u,-,.  ,,..S,S,S  i„s.   (,,Hj.,   I,.).  ;.,nl  ,!,<■ 
'^■ss    .8    ,ns.      A    s|).-m    I  lie    Um^rr  '  .    ■.,    ,.„l.il         ,n<>ll 

!'"'•  •'"-'  "•      -^  s|..-.n  llu.  less  '  ,  or  ,■,  ,.„hi,  -    „,,, 

I"---  ."oMIt.     .\h;,ncrsl,n.;„lll,  '  „  .,|  .-,  rul.it  \  „L 

"i"^-     _     -.VH  H-      A  linKfr's  l.tc.-.dth  ,...4  ,,1   ,■,  .uliil 

.....  .MS.  .,.-r,  It.      A   la.lH.M,         4,.„l.ils         ;....,„  „. 

l.zclarl  s    kvvu         (,  .•iil)il.s  ,0.^)44  |<.<.|.      Tlu-  ,„il<. 

4.^'<H.  .  ul,.(s  7,.„„    (,.         Ti,,.    s.;uli„M,,    ,    H.  ol    their 

-">c  .4.,..r„l..ts  7_.,,.„  ft.  Tlu.  I>.n,,s;n,i4.  Wf  their 
""les  ._..„,K,   ..ui)ils,    ,.r   4    I'n^lish    miles    ;mh|    -k<,    i, 

.?.?.  i''4  miles  u;,s  .-i  (l;,.v's  j.,i,rrev  s.„ne  s:.v  ^i'nuU-^- 
•"1(1  .?.5<K.  It.  ,■,  ,S;,i,h;,th  (i;,yVs  jo„r„<.v  ;  s.,,,,;  .-n,thorili,.s 
s.iy  ,?,i)4,S  It. 


SCRIPTURAL   IVIHASURHS  OF    CAPACFTY, 
With  Hngli.sh  I-quivalents. 


The  ("homer  or  Hoiikt  in  Kinj,-^  j.imes'  tninslatioti 
w.is  75.025  o;,|.s.  !i(|uid,  and  .:(2. 125  perks  dry.  The  Hphah 
or  Bath  wa.s  7  «:;ils.  4  pis.,  15  ins.  sol.  The  .Seah.  ',  of 
hphah,  2  f,^•.ls.  4  pis.,  _^  in  sol.  The  Hin  ',,  of  Kphan. 
I  Rill  2  pts.,  I  in.  sol.  The  Onier  110  of  Fphah,  5 
pts.,  0.5  ins.  sol.  The  C\ab  -  i  iS  of  Rphah,  3  pts  '10 
ms.  sol.  The  Lo^  -  7  ,  7.  of  f'phah,  ■<  pt.,  ro  ins.  sol. 
The  metrctes  of  Syria  (Join,  ii.  6)  -  Confj.  Rom.  7'^  pts 
The  Cotyla  Ea.stern  -  i  100  of  Hphah.  '^  pf.  3  in.  sol. 
Thi.s  Cotyla  contains  just  10  ozs.  .Avoirdupois  of  rain 
water.  Omer,  roo;  Ephah,  r.ooo;  Chomer  or  Homer. 
10,000. 
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DIVISIONS    OF    TIIVIH. 


TRUE  TIMI^. — Two  kiiuis  ol  lime  ;ire  used  in 
alinanncs  clock  or  tiK-aiiliine  in  soir.o,  and  apj)arfnt  or 
suii-liinc  ill  others.  C  lock-limt;  is  always  rit^hl,  while 
sun-time  varies  e\(.  y  day.  People  generally  suppose  it 
is  twelve  o'clock  when  the  sun  is  du<'  south,  or  at  a  pro- 
perly made  no(  :  -n-.a.k.  This  is  a  mistake;  the  sun  verv 
seldom  Ijeing  on  the  meridian  at  twelve  o'clock. 

A  Solar  day  is  n'.easured  by  the  rotation  of  the  Ivarth 
upon  its  axis,  and  differs  in  lenj^th,  owinij  to  the 
ellipticity  of  the  l^arih's  orbit  and  other  causes,  but  a 
mean  solar  day,  as  recorded  by  clo(-k  time,  is  24  hours 
loni;. 

An  .\stronop-«ical  day  begins  at  n<K)n,  and  is  counted 
from  the  first  to  the  twenty-fourth  hour. 

A  Ci\il  day  commences  at  midnight,  and  is  counted 
from  the  first  to  the  twelfth  hour. 

A  Xautical  day  is  counted  as  a  Civil  dav,  but  com- 
mences, like  an  Astronomical  <lay,  at  noon-time. 
A  Calendar  month  \.-iri<'s  from  jS  to  -^i  days. 

A  mean  Limar  month  is  21)  days  12  hours  44  ir.ins. 
2  sees,  and  a  small  fraction. 

A  Year  is  divided  into   ^Ti^  days. 

A  Solar  year,  which  is  the  time  occupied  by  the  pas- 
sage from  one  vernal  equinox  to  another,  consists  of 
365.24244  solar  days,  or  365  days,  5  hours.  4S  minutes 
and  49.536  seconds. 

A  Julian  year  is  p/i^  days,  ;i  Cri'gorian  vear  is 
365.2425  days.  I'.very  fourth  year  is  Bissextile,  or  leap 
year,  and  is  366  days.  The  error  of  the  (Iregorian  com- 
putation  amounts  only  to  one  day  in  3575.428(1  years. 

To  ascertain  the  length  of  day  or  iiight  at  any  time 
of  the  year  add  12  hours  to  the  time  of  the  Sun's  seltin-^, 
and  from  the  sum  subtract  the  time  of  rising,  the  re- 
mainder will  he  the  length  of  the  dav. 

Subtract  the  time  of  selling  from  12  hours,  and  to 
the  remainder  add  the  time  of  rising  next  morning^  and 
you  have  the  length  of  the  night. 


M^^mk"^-  mm^'^^i^Mmm^'' 


SlI^RT       .Mi:illOI)       C'aI.CI  I.ATOK 

THE    METRIC    SYSTEM    OF    WEIGHTS    AND 
MEASURES. 


4' 


With  Their  Equivalents  According  to  the  System  in  Use. 


>ri{A.SL'RK.S   OF   lh\(;th. 


.Metric    Dciioruin^iiions  and 

\';ilu('s. 
.M\ii.inrct(r 
Kilonittcr  . . 
llcctomL'tcr 
Di'k.inx'tcr  . 
M.'K-r  .... 
Dec  inittcr  . 
CVntimeter  . 
Millimeter 


III. IKK)  meters 

I  .(i(!o  meters 

KM)  meters 

i<>  meters 

I  meter    . 


K(|uiv;ileiits   in    Denomin.ition- 

in  use. 
.  .  =  ().2  I  17  miU's. 
.  .  =  <K<>2i  -y  m.  or  ;;.2Si.  ft.  lo  in. 

.  ~    ',:N  feet  ;ii,(]    i    inch. 

•  =  ,V)^.j  inche'-. 

•  =  ^')■^7  inches. 


.1  of  a  meter.  .  -   ].i)]y  inches. 
•  oi  nf  a  meter..  =  o.3()-;7  inch. 
.<-<)i  of  a  meter.  .  =  ii.()»4  in(  h. 


I  le(  tare 
.\re  .  . 
Ccntare 


.MH.\.SL-RHS    OF    .Sl'RI-   .CK. 


=   in.ciCK)    st|uare  meters.  .  =  j.471   acre-. 

H>|>    -iiuar'   nieter>.  .  =     wq.f,   s(|uare   yards. 
=  I    s(|uare  mi  ter    ..  -    1 .55(1  s(|ii. ire  inches. 


.MK.V.SLRES    OF   CWP.XCnv. 


Xame>. 
Kilciliter  . 
Hectoliter 
Decaliter 

Liter    

Deciliter    . 
Centiliter 
Milliliter    , 


.\o. 
Liter>. 
'.OdO.    - 

IOC).  =- 

10.  — 
.  I  .  - 


Cubic 
.Measure 
I  meter. 

.  I  meter. 

in  decim 
'  decim 
I  decim 


Dry 

.Measure. 

I .  ;i).S  cii.  \(1- 

J  bu.  ;,.-o|)k 


\\inc> 

-Measure. 

^(.4.17  «all>. 

'  2().         j,>-alls. 


=  o-oi^  quarts  .  .  =.\f}^]-;  gall- 
=  o.f)o!>!  (|u:irt   .  .  =  i.<>5f>7  cjt-. 
=  6.1022  cu.  in.  =0.845  Kfill. 


.01.=   10  centim.  =  0.6102  cu.   in  .  =  o.;,  v*^  fl'd  oz 


.<!oi  .  -      I  centim  .  =  o.c  f)i   c  11.   in. 


17  fluid  dr. 


4-' 


.S||I>K  I         Mil  IKtl)        I     \|  (   I    I    \  lou 

w  i;i(iii  IS. 


N.inics  \,)    ( ii  ,1111' 

M  illiri  01   iiiinuMii  1 .1 » 10  ix'o 

'.Miini.i'        KMi.dni) 

M\  I  i.iKi.mi  1(1,(1(1(1. 

Im'oKI  .1111    (II     kilo.  .  I  .(1.1(1 

I  !('(  1(1)4  I  .iPi       iiiii 

I  'riv.i.i;  I  .nil       .....  id. 

(  li  ,1111         I 

I  'i'<  iKi.ini      .  I  . 

(    IMII  1J4  I  .(111         .111. 

M  illi.i;'  .mi          .....  .(1111, . 


\\ci>;lii    111    wh.ii 
(jii.ini  lU  lit  w  ,ii(i 

.It    m.iMiiuini        \\  nil  (liijKii^ 


(IcMl'^IIV  . 

I  (   IlIlK      llll'ti'l 

'  lli'i  lolllci 

1"  llll'ls 

I  llll'l         ... 

I  (lc(  llllci 

111  (  .    <  ('111  llllci 

1  (  .    <  llll  llllci 

I  (.    rcillinicl 

10  (     niilliiiici 

I  (     niillimci 


W.  ikIiI. 
.•.•iM,<i  Ills 

.•.•,1.4(1  H)., 

JJ.04<1    Ills 

J._v>4<)  11)^ 

.'.•5-7  4  "/ 
I  >.;■;.•;  i>/ 

1.S.4;-  Kl- 

I   ,S4;-  .It;  I--. 

"■  I.V4  ;  Kr. 

(1.11 1  54  ,141. 


COMMON    NAMHS   Ol     CHH.MICAI.    SUBSTANCHS 

Coininon    N.iitics.  (Iicniif;,!    \;iiinv^. 

.\(|ii;'    l-ortis    Nitric  .Xcid. 

Aqii.,    U<>-i;i    \"itro-.Miiii;ilic   Acid. 

i^liu-  X'ilriol .Siilpli.itf  ol   CopiHT. 

rii';n;i  ol    i';irl,ir Iiil;ulr;iif  I'ol.i.s.siuiii. 

•■"•iIoiiH'l    C'lilorick'  ol  MiTcurv. 

^  'i'''l<    C";irl»()n(it<'  (".ilciimi. 

S;ilt  ol    Tait.ir .  C;iil)on;itf  ol    l'ol;iss;i. 

(.'iiiislif  l*ol;iss;i    Hyilrali-  l'ot;i.ssium. 

llilorolonn C'lilorido  ol   (loniivU-. 

Coninion  .S;ilt    Chloride  ol  Sodium. 

C  opp*.'r;i.s,  or  (irt'on  \'itrioi     Sulph.itf  ol   Iron. 

l'(irro.>;i\f  Sui)liina:r I>i-("itiorid<.'  ol   .Mt-r'  iir\ . 

Diamond Pure  Carbon. 

I>ry  .\liim    Sulphale   .Miiiriniim   and 

Pota.s.sium. 


^•>li-«» 


SiKiK  I         ,\Fl    I  III  i|)        (     \|,(   II    \  MiK 
(    uilllllnil     N.IMWs.  (    lu'llliiiil     \;iillcs, 

I'.psoMi  S;ilts Siilph.iU'  ((I    M;i^ii<si;i. 

IJliiops  Miiuiiil |{|;i(  k  Siilpliidr  nl    Mii.  m 

I' in-    D.imp 1.1^1"  <  nilninllcd  I  hdin^ 

<';tl<"ii.l Stil|)l)!«U-  ol    l,(;((|. 

<  ihiiihri  "s  S;ill    Slllpli;il4-  u|    .Srxliiini. 

'■Illiosr Ct.iim'  Si;;;;ii  . 

<i<)lll;il(|    W.ilci     H.lsir   Accl.ih-  ol    l.<;i(l. 

Iron   I'viiirs    Ui-Siilplii«|«-   Ik.ii. 

|cu«I|<t\  riitiN    Oxide  u|    I  in, 

Kini^'s  ^■(•ll(^\\    Siilphi<!r  ol   Arscnii  . 

I..iiii;liinf;   (i;is I'lotoxidc  o|    \ilint;tn. 

I'imv    ()xid<'  ol   (';driiiiii. 

I.im.ir  ('.iiisiii     Nilr.il*'  ol   Silvc-. 

Mos.iic  (;old I'.i-Siilphid*'  ol    I  in. 

Miiri.iU-  ol    l.iiiK' Cliloridi'  ol    Cili  iiiin. 

Mlrv  ol   Siillpctrc    Xilr.ilc  ol   Pol.isii. 

Oil  ol  X'i'riol Siilpluiri(    Ai  id. 

I'<»':">'li    t>xid<'  ol    I'ol.issiiim. 

I"^«':il«;"|- .Sulpiiidi.  ol   Ars.!ii<  . 

'^«'<l   l-*':i<l Oxide  ol   ;.«;id. 

Ku.sl   of  Iron    Oxide  ol    Iron. 

.^;ilmoni;,e    Miiri;it<'  ol   .\inir,OMi;i. 

SI.i(k<'d   l-ime Hydr.ili-  (■.ilriiiin. 

•"^od.'i    Oxide  ol  Sodium. 

Spiril.s  ol    Il.irlsiiorn .Xiiinioni.i. 

.".pirii  of  .S.di    Uydro-Chlorir  oi-  .\l iiri.it i( 

SUieco,  or  IM;is1<t  of  I'.iris   ..Siilj)li,ii<'  ol   I,iii;<'.  |  \, 

Sii^iir  of  Ia-;id \cel;it«'  ol    l.4-;id. 

Wrdij^ri.s    M;,si,-  .Xcel.ile  ol   Copper. 

^'^'"iiillioM    .Sulphide  ol    .\Ier(ur\ . 

^^inegar    \,eiie  Aiid  (DiliiK-d). 

Volatile  .\lkali Vniinonia. 

"^y-iicr    Oxide  ol    I  i>droj;en. 

White  Precipitate    Ammoniated   Meniir\ . 

\\'hite  A'itriol Sulphat*-  ol  Zinc 


\ . 
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MULTIPLICATION   MADK    KASY. 


lo  miiltii)ly  two  fij^uros  bv  two  lit;iii-«'s,  ;is  4  x  ',5 
S40.  Simply  (l()iil)l<-  <Mif  ;md  hall  tin-  oi.icr,  "as 
X    70        S40. 


SPKCIFIC    GRAVITY. 


Ilie  .s[)ocific  i^ravity  ot  a  siibsiaiue  is  tlio  luiinlH-r 
foiiiKl  by  dividiiij4  the  \voit,Hit  of  the  siiixstaiico  bv  fli<' 
wfijihi  of  water  of  oc|iiaI  bulk. 


NOMINAL    HORSE-POWER. 


NFuItiply  tlu-  dianx'lor  of  the  cylinder  in  inches  bv  tin 
length  of  the  stroke  in  inches  and  divide  by  30.  As,  ;,( 
<irrnlar  inches   ^    i  horse-power. 


ANY    PART    OF    A    TON. 


1,620  lbs.  of  ro.-il  (f,  $8.00  per  ton  will  cost 
1,620   X   4  =  6.48.0. 

1 ,620 
4 

$0.48.0  .\ns. 

Multiply  number  of  lbs.  by  one-half  the  ton  price  in 
dollars,  which  gives  us  the  pri(e  in  doll.irs.  cents  and 
mills  exactlv. 


^ ittirvk,:^,^  ■-•i-^f-: t' ')■■  7- 
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Loss  IC. 


To  find  tho  dilTvr*Micf  ;ti  spwd  ol  tlu-  lop  ;iiul  hottom 
ol  a  buggy  wluvl  :  I'ut  a  p,-ncil  mark  on  llio  tiantje  al  tlu- 
bolloni  and  a  mark  on  tlu-  pavonx-nl.  Put  a  iwiicil  mark 
on  the  flani^c  at  tlu-  top  also.  .\ft*T  makint^  all  marks 
"•arcfully,  movt-  the  hutii^y  until  tin-  mark  on  tlio  top  ol 
iIk'  wlif.'l  lias  travolk'dom-loot  ;  t:  -n  n-.oasurc  llic  distaiKc 
tlu-  hottom  has  mov«-(l,  and  <-ompar<-  them. 


RULH    TO    FIND    THE    HORSHPOWER    OF    A 

BOILER. 


Always  lind  the  number  of  scuiare  inches  and  divide 
l).v  144,  which  .yives  the  .square  feet  of  heatinf>  surfa<e, 
and  di\i<le  by  15  square  feet,  which  is  an  average  allow- 
ance for  one  horsepower  of  a  Ijoiler.  Divide  the  horse- 
power by  2  :  you  will  have  the  proper  grate  surface  and 
:iIIow  '.,  square  inch  of  safety  valve  to  each  square  foot 
of  grate  surface.  Generally,  from  ' ..  to  '4  of '  a  s(|uare 
loot  <if  grate  surface  is  allowed  to  each  horsepower  of 
.1  boiler. 


4l>  SlIOKI        MllllOD       (    \l,(  I  I.  \  lOK 

MUI.TIPMCATION    BY    PKRCI-NTAUI:. 


At    I  J  '  .r.    |MT   v;ii(l,   luiv\    ni;m\    \;ii(|s  t  ;m   Iw  I)imi)^IiI 
lor  SH.cx)?     M    X    K        04  Ans. 

i:\IM,A\  A  IIOX.  — I."..        's  ..I  $i.o(),  »()ns(<|ii«-iill> 
Si. 00  will  buy  iS  vards  ;mkI  SH.<k)  will  buy  S  x  S       i)^  y;ir<is. 


TO  WHIGH  CATTLH  BY  MHASURKIVIKNT. 


\*m   will  lu'  sui|)ris<'{l  to  tiiui   how    lu'iir  \nii  i  ;in   t<il 
thf  wi'ii^lil  ot  ;i  cow  by  iiu-;isir<'nu'iit. 

Kri.i;.      Multiply   tin-   sqiuirv    oi     tlu-    i^irtli   by    the 

liin;tii  Iroin  tiu'  tor<-  p;\y\  o|  the  shoulder  bl;i<U'  to  thi'  end 

.  'lit'  bill  iv  boiu'  at  tilt'  tail.    Multiply  by  7  and  disidf  by  J. 


BUYING  noons  BY  DOLLARS  WORTH. 


i{)'_.    lbs.    ol    suL;ar   lor  out'   dollar, 
lor    4i)r.  ? 

40 


II 


ow    !iiaii\'    M)> 


V    lb 


20 
(14 

().()o  .Viiswi-r,  ()  ()  10. 

Rl'Ll-^  —  Multiplv  number  ol"  lbs.  for  one  dollar  b\ 
number  of  cents  you  wish  to  spend  and  your  answer  is  the 
numlx-r  ol  lbs.  vou  should  receive. 


-Zi-s^iaBBB[^:s^' 


^i^'Jij-^-^=.'^nvi?'^v.;   --  -■,'»"..---?■•'.*-  .-y,  -y: 
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Hi;i,l»llJ|.    QlfOTATICmS. 

\  \l'()|.i;()\   U()\  \iv\u  I  |.;. 
Horn    i7(i<,.      Difd   i.Sji. 

\   if   ;..( y     Im-|«I|1j.s    to    111,'     most     |MTs<-\»Millj;. 

I  lt;iv«-  only  OIK-  (  OIIHS4-I  lor  you      |{,.  M.isicr. 


()i.i\  i:k  (ioi.DSMini. 

Horn   i7-'H.      DhiI   177.4. 
l'4-o|)U-    seldom     im|)n.v<-     u  h«.,i    iluy    li;u«-    no    oil,r 
mo(|,'|   hill    llu'ms«'l\<'s   to  I  ops    .iltcr. 


<.i:()K(iK  \\\sni\(ii()\. 

liorn    i7;j      |)i«(|   i7()<). 
lo  Ih-   l)rf|);iri-(l   lor    w.ir   is  oiu:  ol    llic   most    *-iU-(lii;il 
nKMiis  of  |)r«'s<TV  ini;  im',ic4-. 


ui-;\R\'  i.()\(iii;ij.()\\. 

I.ook  not  nioiirnlnlly  into  tin-  past,  it  conuvs  not  hack 
.•ii;;Mii;  uis«-ly  iinf)r()\<-  llw  pr«'s<'ni.  it   is  lliiiu-. 


WII.I.IA.M    l\   (iLADSIOXK. 
liorn    iHix,.      Died   iHi)H. 
I'o   train   tin-   mind   should  Ik-   the-   first    ohjf.t   and   k 
stock  it    tlx'  n<\t. 


iii:\.|.\.\[I\    KK.\\K[,[\. 

Horn    i7()().      Died   1790. 

An  inxcstn-i-nt  in  knoulcd^f  aluavs  pa\s  the  hcst 
interest. 

II  \<)ii  wonid  not  !h-  I'ori^otten  .!-.  soon  as  vou  arc 
(lead  either  write  lhint;s  worth  reading,  or  read  thinj^s 
worth  writinjj;. 

II  a  man  empties  his  purse  into  his  liead,  no  man 
<an   take  it   awav  from  him. 


..w 


WANTED 


Agents  to  sell  this  book. 

Exclusive  territory  given  to  live 
men    who   can    demonstrate. 

All  communication  regarding  terms, 
territory  wanted,  etc.,  will  re- 
ceive prompt  attention  if  ad- 
dressed to 

W.  E.  COTTON 

1134  DUFFERIN   STREET 

TORONTO.  ONT 
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